Abstract High extracellular phosphorus directly in-Introduction creases parathyroid hormone (PTH ) secretion and gene transcription. The present study evaluates the effect of The accumulation of phosphorus due to a decrease in high phosphorus diet on the parathyroid cell cycle in renal function is an important factor in the pathogenrats with normal renal function. Rats were divided esis of secondary hyperparathyroidism [1] . Phosphorus into two groups, receiving either a high phosphorus retention promotes secondary hyperparathyroidism diet (HPD, P=1.2%) or a normal phosphorus diet through an inhibition of calcitriol synthesis [2, 3] and (NPD, P=0.6%). The dietary calcium content was the induction of hypocalcaemia [4] . Both hypocalcaemia and calcitriol deficiency have been shown to 0.6% in both diets. Rats were pair fed and sacrified on increase the synthesis of parathyroid hormone (PTH ) days 0, 1, 5, 10 and 15 after initiation of the diet. The mRNA and induce parathyroid cell proliferation [5] [6][7]. parathyroid glands were removed and parathyroid cells
a normal phosphorus diet (NPD) (P=0.6%). Both diets had 6.2% respectively. Serum calcitriol was measured with a radioreceptor assay (Nichols Institute), with an intra-and the same calcium content (Ca=0.6%) and the vitamin D content was 100 IU/100 mg (ICN Biochemicals, Cleveland, inter-assay coefficient of variation of 10.6 and 15.3% respectively. OH ). All rats were fed 15 g of the study diet daily in the morning and had free access to water. Before the study, rats were fed a standard rat diet (Cia, Ebro Agrícolas, Sevilla, Statistical analysis Spain) which contained 0.6% Ca and 0.6% P. Rats were sacrified on days 0, 1, 5, 10 and 15 after initiation of the Differences between more than two means were evaluated experimental diet. A number of 25-30 rats per diet and by ANOVA followed by the Duncan's test. The t-test was period were analysed in six independent experiments. Six used to evaluate differences between two means. The results hours after the morning feeding, animals were anaesthesized are expressed as the mean±SE. with Nembutal (50 mg/kg, i.p.) and exsanguinated by aortic puncture; the serum was separated and stored for biochemical determinations. The parathyroid glands were visualized Results under a dissecting microscope and dissected free of thyroid tissue; the time used to remove the parathyroid glands from In both groups of rats serum creatinine remained each rat was <3 min.
normal throughout the 15 day experimental period. On day 15, the serum creatinine concentration was Flow cytometry 0.25±0.02 and 0.26±0.03 mg/dl for the HPD and NPD groups respectively. As shown in Table 1 Figure 1A . As compared with NPD group, The cell cycle was analysed in whole cells by a modification the HPD group had an increased number of cells in of the method described by Vindelov and Christensen for the S phase from days 1 through 10 (P<0.01); by isolated nuclei [14] . Briefly, in a buffer containing the nonday 15, this difference disappeared. In the HPD group, ( Table 1) . By day 15, parathyroid gland size in channel where the peak of diploid cell was located.
the HPD group was increased by 27.3% as compared with the NPD group (4.92±1.10 vs 3.58±1.00 mm3, P<0.05). This increase should be attributed to an Gland sizing increase in cell number since, as assessed by flow Paraffin-embedded 4-5 mm thick sections of the parathyroid cytometry, the cell size did not change (data not glands were used to evaluate gland size. Assuming an ellipt-shown). This study shows that in normal rats a HPD stimulates Biochemical determinations the parathyroid cells to progress to the S phase of the cell cycle in association with an increase in serum PTH. Serum ionized calcium was measured with a Selective Serum calcium and calcitriol were not modified during Calcium Electrode (CIBA CORNING 634Ca/pH analyser). the 15 day period of HPD; the serum phosphorus was Serum phosphorus was measured by a colorimetric method moderately increased only in day 1 of the HPD. The using a specific kit (Sigma Diagnostics, MO). Serum PTH increase in the percentage of cells in the S phase was was measured by a specific immunoradiometric assay observed as early as 24 h after initiation of the HPD (IRMA) (Nichols Institute, San Jose Capistrano, CA), with an intra-and inter-assay coefficient of variation of 5.7 and and by day 15 the cell proliferation became normal;
The effect of a high phosphorus diet on the parathyroid cell cycle 21 these results suggest that the parathyroid cell cycle reached a new steady state once the parathyroid gland was enlarged.
Other authors have shown that in uraemic rats, a HPD (P=0.8%) produced a significant enlargement of parathyroid glands even by 2 days after the induction of uraemia [11, 15] . In normal rats, dietary phosphorus as high as 3.4% induced a 3-fold increase in cell birth rate; however in this latter report, the HPD was associated with a decrease in serum calcium and an increase in serum calcitriol [13] .
In rats on the HPD, we observed an increase in parathyroid cell proliferation from day 5 to 10 despite no elevation in serum phosphorus. The fact that serum phosphorus did not increase does not exclude the possibility of an increase in the body burden of phosphorus resulting from the HPD; the phosphorus accumulation may be responsible for the increase in parathyroid cell proliferation. In addition, a high phosphorus meal can produce a transient change in serum phosphorus [9] which may directly affect parathyroid cell proliferation.
The fact that in rats fed an HPD the serum phosphorus remained at normal levels from days 5 through 15 can be explained by the elevation in PTH. We have shown previously that in rats the serum phosphorus can be maintained in the normal range despite a HPD if there is a concomitant increase in PTH [3] ; this is what the classical 'trade-off ' model has proposed [16 ] : parathyroid gland growth is being stimulated by the need to maintain a normal serum phosphorus and calcium. To achieve this increase in PTH, a larger number of cells secreting PTH may be required; our Fig. 1 . Effect of a high (1.2%) and normal (0.6%) phosphorus diet data show that the HPD produced an elevation of on the percentage of parathyroid cells in the S phase of the cell serum PTH which was subsequent to the increase in cycle (A) and on serum PTH levels (B). At each time period, the parathyroid cell proliferation ( Figure 1A 
